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Abstract Dry leaves, grass, agricultural waste such as straw, rice husk, plant stalks
are the types of biomass that are widely available in the rural areas. They have low
bulk density and cannot give controlled flame while burning, so they cannot be used
as fuel. This loose biomass gives handling problems while transporting them
elsewhere and this biomass, if not composted properly, is nothing but a waste.
Therefore, they are mostly burnt in the open fields creating unnecessary pollution.
Briquetting can be seen as a viable method to solve this issue as it is a simple and
cost-effective technology. This paper presents a technique of preparing a raw
biomass into a usable biomass briquette fuel. Briquettes were made from Eleusine
indica grass and sawdust bonded with gelatinized taro tubers. Briquette samples
were prepared using low-power screw press machine. The first sample consisted of
3:1 grass and sawdust ratio; the second sample consisted of 1:1 grass and sawdust
ratio. In both the samples, 40% of taro (Colocasia esculenta) tuber in weight basis
was gelatinized and added. Both the prepared samples were tested for their physical
and thermal properties. The result showed that the test sample 1 showed a higher
calorific value of 15.539 MJ/Kg compared to sample 2 having a calorific value of
14.683 MJ/Kg. The bulk density was found to be 0.234gm/cm3 and 0.233gm/cm3

for sample 1 and 2, respectively.
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1 Introduction

Over 12 crore household in India does not have access to clean fuel [1]. Almost
two-thirds of the Indian population still depends on firewood, cow dung cakes and
other freely available biomass for cooking purposes. About one million deaths are
reported annually in India due to household air pollution. According to reports,
67% of the rural household still depends on firewood and woodchips for cooking
[2]. The dependence on firewood also leads to deforestation and release of CO2 and
other harmful gases to the environment. Direct combustion of loose biomass such
as dry leaves, grass, straw, plant stalks is not a viable way to utilize them, as they
have low density, low calorific value and they produce unwanted smoke when burnt
directly [3]. Also, direct burning of biomass produces low heat and cannot give
controlled flame. The use of agricultural waste, grass, leaves and other biomass with
the help of appropriate technology can solve the problem of fuel requirement in
rural areas. Rural areas are abounding with such wastes but most of them are wasted
due to lack of good technology. Many researchers have reported various techniques
and methods for energy generation from agricultural waste [4–9]. Among the many
reported techniques such as gasification, biogas production, hydrogen production,
pyrolysis, torrefaction, biomass briquetting is one of the most important techniques
that have a promising future to solve the problem of cooking fuel in rural areas. The
briquetting process is used to give higher density to the loose biomass, higher
calorific value, better handling, transportation and storage properties [3]. While
briquetting due to high pressure applied, the particles come close together. The
natural binding agents within the feedstock are forced out of the cell making a solid
bridge between the particles [10]. Some of the reported densification processes are
baling, pelleting, extrusion and briquetting. Briquetting and pelleting are the most
common type of densification process, which is carried out using screw press,
piston press and roller press [11–18]. A very high-quality briquette can be produced
using high-power-operated screw press machine [12, 19], but this technology is not
feasible in rural areas where the supply of electricity is irregular. Piston press, on
the other hand, can be manually operated but it has low productivity. Low-power
screw press machine also exits but due to lack of high pressure and temperature, a
binding agent is required [20]. Starch is the most common binder that is used as
reported in many papers; other than that cassava starch, cow dung, wheat flour,
coffee husk, gum Arabic, paper pulp, municipal waste, waste from paper industries
have been used as a binder [3, 21–24]. A binder should be easily available, not
difficult to isolate from the plant matter, should not be from the human food chain
and should have good adhesive properties and also an addition of such binding
agent should not degrade the thermal properties of the briquettes made.

Colocasia esculenta (Taro) is a perennial tropical plant grown widely for con-
sumption purpose. Assam is one of the major taro producing states of India, and
these plants grow widely in the swamps and is widely available in the villages [25].
The tuber is reported to have 70–80% starch content [26, 27]. The tender leaf, stem
and tuber are edible, but the tuber of wild taro plant is not edible. Therefore, they do
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not have any use. These tubers were used as a binder for briquette in the present
research. Taro is easily available in the villages and due to its high starch content, it
has a potential of being used as a binder for briquetting which is being tested in this
research.

The objectives of the present research described in this paper can be listed as
follows:

• To evaluate the performance of Taro tuber as a binder for briquetting using a
low power screw press briquetting machine.

• To prepare samples by varying the ratio of sawdust and Eleusine indica grass by
keeping the tuber percentage constant at 40% by weight.

• To analyze the physical and thermal properties of the briquettes obtained.

Preparation of the briquettes
The grass was dried in the sun for 6 h and then converted to a smaller size (Fig. 1)
manually using cleaver knife as the large material particles when pressed in the
screw press machine without cutting choked the machine. The grounded particle
was then mixed in a particular ratio with sawdust obtained from a nearby small
firewood shop in line with the work of Birwatkal et al. [10]. After mixing with the
binder and water, mixture was ready to be put in the screw press machine.

Preparation of the Binder
The taro tubers were collected manually in the college campus itself (Fig. 2). The
tubers were cut out from the plant and then washed to clear off all the stuck soil.
It was then stored for use for a week.

For preparation of the binder, the taro was first peeled and weighed (weight by
weight basis) for 40% ratio with the biomass. It was then cut into smaller pieces and

Fig. 1 Sun dried and
grounded grass
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grounded using a mixer grinder by adding 100 ml of water. The paste obtained is
then added with measured volume of water to obtain 50% water content in the total
mixture of the feed for the machine. The mixture is then boiled to gelatinize it to
bring out its pasting property (Fig. 3) as described in the paper [28]. Even though
the taro tuber is rich in starch content, still the extraction of starch from the tuber is
very difficult as the starch takes long time to settle down unlike other starches,
which result in microbial contamination and effects the quality of the starch [29].
Therefore, we have tried to directly use the tuber as a binder for the briquettes that
were prepared in this research. Wild taro also consists of higher amount of oxalic
acid, which causes itching [30] so the work had to be carried out wearing gloves
and taking precautions, so that it does not come into contact with the body.

Fig. 2 Taro tubers collected
manually in the college
campus

Fig. 3 Gelatinized mixture
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Analysis of the briquettes
The briquettes (sample1 and sample 2) (Figs. 4 and 5) were oven-dried at 100 °C
for 3 h and stored for analysis that was to be performed. Sun drying was not
possible due to the rainy season and while drying inside the room, the briquettes
remained damp even after 3 days of drying. Therefore, analysis of the briquettes
was performed on the oven-dried samples according to the methods given by
Birwatkar et al. [10].

The physical properties of the briquettes determined were moisture content, bulk
density, shatter resistance, degree of densification. The thermal properties deter-
mined were calorific value, volatile matter content, ash content and fixed carbon
content.

Fig. 4 Oven-dried briquettes
of sample 1

Fig. 5 Oven-dried briquettes
of sample 2
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Moisture Content
Oven-drying method is used to find out the total moisture present on the sample.
The sample was placed in the oven at 105 °C for 16 h. The loss in weight was
calculated by using the following formula:

M:C: (% wb) ¼ W2�W3
W2�W1

� 100

Here, W1 denotes the weight of the empty crucible, W2 denotes weight of
crucible with the sample and W3 denotes W2 after drying, all units in gram.

Bulk density
The bulk density of material was found out by using by weighing the mass of the
sample and measuring its volume and then using the formulae:

Bulk density
�
Kg
m3

�
¼ mass of the sample ðkg)

volume of the sample ðm3Þ

Shatter resistance test
This test was performed to see the strength of the briquettes against external forces.
A piece of briquette would be dropped three times on a hard floor from a known
height and the previous and later weight minus the initial weight would give the
shatter resistance of the sample:

Percent weight loss ¼ W1�W2
W1

% shatter resistance = 100 – % weight loss
Here, W1 is the weight of briquette before shattering and W2 is the weight of

briquette after shattering in grams.

Degree of Densification
Degree of densification shows us numerically, how much we could compact using
our method of densification. We have to measure the density of the biomass before
briquetting and after briquetting and put in the given formulae to find the degree of
densification:

Degree of densification =
Density of briquette�Density of rawmaterial

Density of the raw material

Energy Density Ratio
This particular ratio shows us how much of energy one unit volume of the bri-
quetted sample can contain or produce when burned. This could simply be found
using the following formulae:
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Energy density ratio =
Energy content of briquetted fuel Kcal

m3

� �

Energy content of raw biomass Kcal
m3

� �

Thermal properties analysis of the briquette samples
The most important among the thermal analysis test of briquettes are the calorific
value, ash content, volatile matter and fixed carbon.

Calorific Value, kcal/kg
The calorific value of the sample can be found using an instrument called a bomb
calorimeter. Where a small amount of sample is burnt with 25 atmospheric pressure
of oxygen. Once the combustion starts, the change in the temperature is noted until
a peak value is obtained and the reading gradually decreases. The following for-
mulae is used to determine the calorific value:

Calorific value
Kcal
kg

� �
¼ ðW þWÞ � ðT2� T1Þ

X

where
W is the mass of water used in the calorimeter (2000 g),
w is the water equivalent of the apparatus (455 g),
T1 = Initial temperature of the water inside the calorimeter (°C),
T2 = Final temperature of the water in the calorimeter (°C), X = Mass of fuel

sample taken in the crucible (g).

Volatile Matter
The sample after drying is weighed and placed in a crucible with a lid. The covered
crucible was then placed in a muffle furnace whose temperature is set to 950 ± 20
for 7 min. Once the sample cools down, the weight is measured and the difference
of the weight was reported as volatile matter on percentage basis

Volatile Matter ð%Þ ¼ W3�W4
W2�W1

where
W1 denotes weight of the crucible, W2 denotes weight of crucible with the

sample taken,
W3 denotes weight of crucible with sample after moisture removal and W4

denotes weight of crucible with the sample after heating in a muffle furnace, all
units in grams.

Ash Content
For this analysis, the sample is placed in a closed crucible which was then heated in
a muffle furnace at 700 ± 50 °C for one and a half hours. After cooling the sample
in a desiccator, the sample is weighed for every half an hour for the weight loss
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until a constant weight is obtained. Weight of ash divided by the initial weight of
the sample is the ash content of the sample:

A:C: ð%Þ ¼ W3�W1
W2�W1

� 100

where
W1 = weight of the empty crucible, g
W2 = weight of crucible + sample taken from the second stage
W3 = weight of crucible + ash left in crucible, g.

Fixed Carbon
The mass balance formula was used for the calculation given below.

Fixed Carbon %ð Þ ¼ 100� % ofðMCþVMþACÞ

where
FC = Fixed carbon, MC = Moisture content, VM = Volatile matter and

AC = Ash content, all in percentage value.

Techno-economic Analysis
For making the briquettes reported in this paper, we require a low-power screw
press briquetting machine of rating 0.7 Kwatt to continuously produce the bri-
quettes. A heating vessel could be used to gelatinize the taro tuber. Cutting and
cleaning of the tubers can be done using any cutting tools like knife as they are soft,
but gloves are required for the job as the oxalic acid content may cause itching in
the body part that came into contact with the tuber. The raw material used for the
study was grass, which is being cut and disposed as waste in the campus and the
sawdust was procured from a nearby shop. The cleaver’s knife used in the study
was also obtained from a nearby blacksmith shop. So, the capital cost of the
machine can be a sum of the briquetting machine which cost INR 8000, the cost of
locally made cleaver’s knife is INR 300, any heating vessel cost is around INR 150.
So, the capital cost amounts to INR 8450.

For the operational cost, the grass was brought from the field to the working site
in a cart manually pulled by a labour. The labour cost charged for it was INR 100
per cart, which was used throughout the study to make almost 3–4 kg of briquettes.
The cost of the sawdust was INR 90 for one bag (1.5 m � .5 m) dimension. INR
100 for bringing it to the destination. The time required for preparation of the grass
is 2 h and taro preparation takes just 20 min and preparing the mixture and putting
in the briquetting machine to get the output will take another 1 h. Therefore, the
total labour cost will be according to labour wage chart by Wikipedia, i.e. 70 INR
per hour, equals to 280 INR (approx.) per labour [31]. Electricity cost for 0.7 unit
equals 65 INR (approx.) including fixed charge, metre rent and energy charge [32].
Therefore, the total operational cost to produce 3–4 kg of briquettes two labourers
costing 560 INR plus 200 INR transportation and 45 INR(for half bag) raw material
accounting to an amount of 870 INR.
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2 Results and Discussion

The briquettes (samples 1 and 2) (Figs. 4 and 5) obtained from the machine used
were cylindrical. The average length of the briquettes measure during the analysis
period was found to vary from 4 cm to 9 cm and radius is 1.25 cm.

Physical properties

Sl no. Sample Composition Bulk density
(g/cm3)

Shatter
resistance (%)

Degree of
densification

1 1 Grass:
Sawdust::75:25

0.234 73.52 0.054

2 2 Grass:
Sawdust::50:50

0.233 83.55 0.078

Thermal properties

Sl no. Sample Composition Moisture Ash Calorific Volatile Fixed

Grass:SawDust Content Content Value Mater Carbon (%)

(%) (%) (MJ/kg) (%) Dry Wet

1 1 75:25 0.38 4.08 15.539 86.71 9.20 8.83

2 2 50:50 0.54 4.618 14.683 88.93 6.45 5.91

3 Conclusion

Two briquette samples were successfully prepared using grass and sawdust in
different proportions and analysed. The following conclusions were made

Taro tuber could not bind at a proportion less than 40% by weight of the biomass
taken. 100% grass sample could not be prepared in the machine used in the study.
The process of chopping the grass to a smaller size using cleaver knife was very
time consuming and less efficient, so in future, a grass chopping machine could be
designed in order to optimize the time required to process higher amount of bio-
mass. Oven-drying gives good result but this facility cannot be availed by the rural
people, so the test can be performed by sun drying in the future work. The com-
paction density was low when compared to other works reported in the literatures
cited. Sample 2 showed better physical characteristics and sample 1 had better
thermal properties.
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